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PATTERNED MEDUM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to U.S. Provisional 
Application No. 60/269,517, filed on Feb. 16, 2001, the 
contents of which are hereby incorporated by reference into 
this application as if Set forth herein in full. 

TECHNICAL FIELD 

0002 This invention relates to a patterned medium hav 
ing land areas for Storing data and trough areas for inhibiting 
Storage of data, and to use of the patterned medium with a 
read wide/write narrow recording head. 

BACKGROUND 

0003) A magnetic disk drive is a digital data storage 
device that Stores digital data on magnetic medium known as 
a disk. The disk, in general, comprises a plurality of tracks 
for Storing the digital data. Data is Stored on the tracks of the 
disk in the form of magnetic polarity transitions induced into 
a magnetic layer covering the disk. 
0004. During operation of the disk drive, the disk is 
rotated about an axis by a spin motor at a Substantially 
constant angular Speed. To perform a transfer of data with 
the disk, a transducer, known as a recording head, is centered 
above a track of the rotating disk. Once centered, the head 
can be used to transfer data to the track (during a write 
operation) or to transfer data from the track (during a read 
operation). During writing, for example, a write current is 
delivered to the centered head to create an alternating 
magnetic field in a lower portion of the head that induces 
magnetic polarity transitions onto the track. During reading, 
the centered head Senses magnetic fields emanating from the 
magnetic polarity transitions on the moving track to create 
an analog read Signal representative of the data thereon. 
0005 The recording head may be a dual element head 
having a read element for performing a read operation and 
a write element for performing a write operation. It is known 
to make the read element wider than the write element 
provided that the write element contains erase bands on its 
edges to "erase' old data from a track on the disk and 
thereby prevent the read element from Sensing that old data. 
This configuration is described in U.S. Pat. No. 5,940,250 
(McNeil et al.), the contents of which are hereby incorpo 
rated by reference into this application as if Set forth herein 
in full. 

SUMMARY 

0006. In general, in one aspect, the invention is a mag 
netic recording System that includes a patterned medium 
comprised of land areas and trough areas, a write element 
which writes the data to the patterned medium, and a read 
element which reads the data from the patterned medium. 
The read element is wider than the write element. The land 
areas Store data and the trough areas inhibit Storage of data. 
That is, the troughs prevent old data from being written 
outside of the land areas, making it possible to increase the 
width of the read element without causing the read element 
to Sense out-of-track noise. Increasing the width of the read 
element can provide Significant Signal-to-noise advantages 
in the System. 
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0007. The foregoing aspect may include one or more of 
the following features. The read element and the write 
element may be part of a recording head that flies over the 
patterned medium during reading and writing. The trough 
areas may have a depth relative to the recording head that is 
Sufficient to prevent magnetic writing of data to the trough 
areas. The patterned medium may be made of a polymer 
layer disposed on a Substrate, which layer defines the land 
areas and the trough areas. Examples of Substrates include 
glass, NiP-clad aluminum alloy Substrates, glass-ceramic 
Substrates, and titanium Substrates. The polymer layer also 
includes a magnetic layer. The read element may have a read 
width that is greater than the write width of the write 
element. 

0008. The patterned medium may include a rotatable 
magnetic disk having tracks that Store the data. The tracks 
may be concentric, Spiral, or of any other configuration. The 
tracks may include the land areas. The tracks may be 
Separated on the rotatable magnetic disk by the trough areas. 
The land areas may include data islands that are isolated 
from one another by the trough areas. Each of the data 
islands may be capable of Storing one bit. 

0009. In general, in another aspect, the invention is 
directed to a disk drive that includes a magnetic disk having 
a plurality of tracks which Store data. The tracks include land 
areas for Storing the data and trough areas which Substan 
tially isolate the land areas from one another. The disk drive 
also includes a recording head which transferS data to and 
from the magnetic disk. The recording head includes a write 
element and a read element. The read element has a width 
that is greater than a width of the write element. 

0010 This aspect of the invention may include one or 
more of the following features. An actuator arm may be 
included in the disk drive for positioning the head over the 
disk. The recording head may fly over the disk during 
reading and writing. The trough areas may have a depth 
relative to the recording head that is Sufficient to prevent 
magnetic writing of data to the trough areas. The magnetic 
disk may be a patterned medium comprised of a polymer 
layer disposed on a Substrate. The polymer layer defines the 
land areas and the trough areas and includes a magnetic layer 
thereon. 

0011. The land areas on the tracks may include data 
islands which are isolated from one another by the trough 
areas. Each of the data islands may be capable of Storing one 
bit. The tracks may have a different density at an inner 
diameter of the magnetic disk than at an outer diameter of 
the magnetic disk. The trough areas may function as erase 
bands during writing on the magnetic disk. 

0012. The width of the read element may be between a 
value R, and a value R where 

R=TW, 

0013) and 

0014) where TW corresponds to track width, GAP cor 
responds to a distance between adjacent tracks, and RTMR 
corresponds to misregistration of the read element on a 
track. 
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0015 The width of the write element may be between a 
value W and a value W where 

0017 where TW corresponds to track width, GAP cor 
responds to a distance between adjacent tracks, WTMR 
corresponds to misregistration of the write element on a 
track, and SQ corresponds to a reduction in distance between 
tracks due to misregistration of the write element. 
0.018. In general, in another aspect, the invention is 
directed to a patterned magnetic Storage medium. The Stor 
age medium includes a Substrate and a layer formed on the 
Substrate. The layer defines land areas and trough areas. The 
land areas Store data and the trough areas inhibit Storage of 
data between the land areas. This aspect of the invention 
may include one or more of the following features. 
0019. The land areas may be raised higher than the trough 
areas relative to the Substrate. The trough areas may have a 
depth relative to the land areas that is Sufficient to prevent 
magnetic writing of data to the trough areas. The land areas 
may include data islands that are isolated from one another 
by the trough areas. Each of the data islands may be capable 
of Storing one bit. The land areas may be concentric or spiral 
tracks and the trough areas may separate the tracks from one 
another. The trough areas may function as erase bands for 
preventing writing of data between the land areas. The 
Substrate may be glass, a NiP-clad aluminum alloy Substrate, 
a glass-ceramic Substrate, and/or a titanium Substrate and the 
layer may be polymer having a magnetic layer deposited 
thereon. 

0020. In general, in another aspect, the invention is 
directed to an apparatus that includes Storing means for 
Storing data magnetically in data tracks. The data tracks are 
Separated by erase bands that are physically Stamped onto 
the Storing means. The apparatus also includes a writing 
means which writes data to the Storing means. Reading 
means reads data from the Storing means. The reading means 
has a width that is greater than a width of the writing means. 
This aspect may include one or more of the following 
features. 

0021. The erase bands may be troughs that are formed on 
the Storing means between the data tracks. The Storing 
means may be a patterned medium formed of a polymer 
layer disposed on a Substrate. The polymer layer may 
include the data tracks and the erase bands and may have a 
magnetic layer deposited thereon. The reading means and 
the writing means may be part of a recording means that flies 
over the Storing means during reading and writing. The erase 
bands may be troughs that have a depth relative to the 
recording means that is Sufficient to prevent magnetic writ 
ing of data to the troughs. The data tracks may include 
Sequences of data islands Separated by troughs. 

0022. In general, in another aspect, the invention is 
directed to a magnetic recording System which includes a 
patterned medium comprised of land areas and trough areas. 
The land areas Store data and the trough areas inhibit Storage 
of data. The System includes a recording head which reads 
and writes data to the land areas of the patterned medium. 
The recording head has a read element. The read element has 
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a width that is greater than a width of the land areas. This 
aspect may include one or more of the following features. 

0023 The recording head may include a write element 
having a width that is less than the width of the read element 
and that is greater than the width of the land areas. The 
trough areas may have a depth relative to the recording head 
that is Sufficient to prevent magnetic writing of data to the 
trough areas. The patterned medium may include a polymer 
layer disposed on a Substrate. The polymer layer may define 
the land areas and the trough areas and may have a magnetic 
layer deposited thereon. 

0024. The patterned medium may be a rotatable magnetic 
disk having tracks which Store data. The concentric tracks 
may be the land areas. The tracks may be separated on the 
rotatable magnetic disk by the trough areas. The land areas 
may include data islands which are isolated from one 
another by the trough areas. Each of the data islands may be 
capable of Storing a block of data. A block of data may be 
one bit. 

0025. In general, in another aspect, the invention is 
directed to a magnetic recording medium that includes land 
areas which Store data and trough areas which Store Servo 
information. Storing Servo information in the trough areas 
makes it possible to provide continuous Servo to a head 
Scanning the recording medium, while at the Same time 
increasing the amount of medium Space available to Store 
Substantive data. This aspect may include one or more of the 
following. 

0026. The data in the land areas may be at a higher 
frequency than the Servo information in the trough areas. 
The trough areas may include Steps having a height that is 
less than the land areas relative to the troughs. The StepS may 
comprise the Servo information. A land area may be a data 
track, a first trough may border one side of the land area; and 
a Second trough may border another Side of the land area. 
The servo information in the first trough may be at a 
different frequency than the Servo information in the Second 
trough. 

0027. The troughs may include at least one of servo 
Signals and grey code. The land and trough areas may be 
alternating concentric or Spiral tracks. The land areas may 
include data islands isolated from one another by additional 
trough areas. Each of the data islands may be capable of 
storing a block of data. The block of data may be one bit. 

0028. In general, in another embodiment, the invention is 
directed to a magnetic recording System that includes a 
patterned medium comprised of land areas and trough areas. 
The land areas Store data and the trough areas Store Servo 
information. The System includes a recording head that reads 
and writeS data to the land areas of the patterned medium 
and reads Servo information from the trough areas. This 
aspect may include one or more of the following features. 

0029. The recording head may include a read element and 
a write element. The read element may have a width that is 
greater than a width of the write element. The data in the 
land areas may be at a higher frequency than the Servo 
information in the trough areas. The recording head may be 
positioned Sufficiently close to the land areas to read higher 
frequency data and Sufficiently close to the trough areas to 
read lower-frequency Servo information. The trough areas 
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may include Steps, which have a height that is less than the 
land areas relative to the troughs. The Steps may comprise 
the Servo information. 

0030) A land area may include a data track; a first trough 
may border one side of the land area; and a Second trough 
may border another side of the land area. The servo infor 
mation in the first trough may be at a different frequency 
than the Servo information in the Second trough. The troughs 
may include at least one of Servo information and grey code. 
0031. The land areas and trough areas may be alternating 
concentric or spiral tracks. The land areas may include data 
islands which are isolated from one another by additional 
trough areas. Each of the data islands may be capable of 
storing a block of data. The block of data may be one bit. The 
patterned medium may be a rotatable magnetic disk having 
alternating tracks which comprise the lands and troughs. The 
patterned medium may contain a data Sector which Stores 
phase locked loop information. 
0.032 The magnetic recording system may include a 
lowpass filter which receives the data and Servo information 
and outputs the Servo information, and a highpass filter 
which receives the data and Servo information and outputs 
the data. 

0033. In general, in another aspect, the invention is 
directed to a method of accessing data. The method includes 
moving a recording head over a patterned medium com 
prised of land areas and trough areas, the land areas Storing 
data and the trough areas Storing Servo information, trans 
ferring data on a land area, reading Servo information from 
trough areas at the same time as transferring the data, and 
using the Servo information to move the recording head 
relative to the land area. This aspect may include one or 
more of the following features. 
0034. The land area may include a data track; a first 
trough may border one side of the land area; and a Second 
trough may border another Side of the land area. The Servo 
information is used to move the recording head by compar 
ing Servo information from the first trough to Servo infor 
mation from the Second trough and re-positioning the 
recording head based on the comparison. The Servo infor 
mation in the first trough may be at a different frequency 
than the Servo information in the Second trough. The record 
ing head may include a read element and a write element, the 
read element having a width that is greater than a width of 
the write element. 

0035. This summary has been provided so that the nature 
of the invention can be understood quickly. A description of 
illustrative embodiments of the invention is set forth below. 

DESCRIPTION OF DRAWINGS 

0.036 FIG. 1 is a diagram illustrating an offset between 
a read element and a write element in a dual element 
recording head and the effect the offset has when positioning 
the head over various tracks. 

0037 FIGS. 2A, 2B and 2C illustrate a write operation to 
a track, a Second Subsequent write operation to the same 
track, and using a dual element recording head having a read 
wide/write narrow architecture. 

0.038 FIG. 3 is a cross-sectional, side, perspective view 
of a patterned medium and a write element of a read 
wide/write narrow dual element recording head. 
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0039 FIG. 4 is a cross-sectional, side view of the pat 
terned medium, illustrating components that make up the 
patterned medium. 

0040 FIG. 5 is a top view of the patterned medium and 
the relationship of the patterned medium to a read element 
and a write element of a dual element recording head. 
0041 FIG. 6 is a cross-sectional, side, perspective view 
of a patterned medium that contains data islands in its data 
trackS. 

0042 FIG. 7 is a top view of a magnetic recording 
medium comprised of lands for Storing data and troughs 
having Steps for Storing Servo information. 

0043 FIG. 8 is a cross-sectional, side view of the mag 
netic recording medium of FIG. 7. 
0044 FIG. 9 is a block diagram of a magnetic recording 
System that includes a magnetic recording medium having 
Servo information written into troughs of a patterned 
medium. 

0045 Like reference numerals in different figures indi 
cate like elements. 

DETAILED DESCRIPTION 

0046. During read and write operations in a disk drive, a 
recording head is maintained in a centered position above a 
desired track in a process known as track following. When 
using a dual element head, this process entails centering the 
write element during a write operation and centering the 
read element during a read operation. For various reasons, 
the write element of a dual element head is not always 
centered on a track when the corresponding read element is 
centered on the track and Vice versa. 

0047 FIG. 1 is a top view illustrating a dual element 
recording head 16 in various positions above a disk 18. That 
is, the figure shows recording head 16 above a first track 20 
at the outer diameter (O.D.) of disk 18, above a second track 
22 at the inner diameter (I.D.) of disk 18, and above a third 
track 24 at a middle diameter (M.D.) of disk 18. It should be 
appreciated that three heads are shown in FIG. 1 for 
comparison purposes only and that, in general, there will be 
only one head above each disk surface in the drive. It should 
also be appreciated that the dimensions illustrated in FIG. 1 
are exaggerated for illustration purposes. 

0048. As shown in FIG. 1, recording head 16 is located 
at the end of an actuator arm 40 that carries recording head 
16 above the surface of disk 18. Actuator arm 40 pivots 
about a pivot point (not shown) so that the angle that arm 40 
makes with each track centerline varies acroSS the Surface of 
the disk. This angle is known as the skew angle. Recording 
head 16 includes a read (RD) element 26 having a center 
defined by centerline 30 and a separate write (WR) element 
28 having a center defined by centerline 32. As illustrated, 
read element centerline 30 is purposely offset in a lateral 
direction from write element centerline 32. Because of the 
combined effect of the skew angle and the offset between the 
read and write elements, read element 26 and write element 
28 are usually not centered on the same track of disk 18 at 
the same time. That is, if one of the two elements is centered 
on a particular track, the other is generally off-center by a 
certain amount. 
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0049. To perform the track following function, a servo 
System (not shown) is generally implemented that uses 
feedback information, read from disk 18 by read element 26, 
to properly position recording head 16. Because read ele 
ment 26 provides the feedback information to the servo 
System, the System will center read element 26, rather than 
write element 28, if additional information is not supplied to 
the Servo System. During a write operation, therefore, a 
compensation value is delivered to the Servo System to 
center write element 28, if additional information is not 
Supplied to the Servo System. The compensation value 
delivered to the Servo System generally varies across the 
Surface of the disk based on the combined effect of the skew 
angle and the offset between the elements. 
0050 Even when a servo system is being used by the disk 
drive to position the head, a certain amount of misalignment 
can exist between the centerline of an element of the 
recording head and the centerline of the desired track during 
normal disk drive operation. This misalignment is caused by 
various factorS Such as, for example, Spindle run out, reso 
nance and disk flutter, thermal track shift, head Settling, 
actuator interactions, improper Servo writing, and others. 
For a particular disk drive, the misalignment between the 
head element and the track during normal track following 
operations is specified by a track misregistration (TMR) 
value. The TMR value represents the maximum range of 
element misalignment that is probable during normal track 
following operations of the disk drive. That is, while the disk 
drive is track following, it is probable that the element 
centerline will be Somewhere within the range specified by 
the TMR value and improbable that the head will be outside 
of this range. In general, the TMR is a statistically derived 
value based on past observation in Similar or identical disk 
drive Systems. 

0051 One type of dual element recording head is a 
magnetoresistive head that includes a magnetoresistive 
(MR) read element and a separate write element that is 
usually inductive. MR read elements include a Small piece 
of magnetoresistive material having a variable resistivity 
that changes based on an applied magnetic field. That is, as 
the magnetic field applied to the material increases, the 
resistivity of the material, in general, decreases. In practice, 
the MR material is held near the desired track as a Substan 
tially constant current is run through the material. The 
magnetic field variations produced by the magnetic transi 
tions on the rotating track change the resistance of the 
magnetic material, resulting in a variable Voltage acroSS the 
material that is representative of the data Stored on the disk 
(i.e., a read signal). MR read elements have gained much 
popularity in recent years as they typically generate read 
Signals having considerably higher Voltage than those gen 
erated by inductive read elements. 

0.052 Dual element heads of the past utilized a write 
wide/read narrow approach. It has been determined, how 
ever, that this approach results in problems associated with 
a nonlinear Servo position signal transfer function. Accord 
ingly, read wide/write narrow dual element heads were 
developed. In a read wide/write narrow dual element record 
ing head, the width of the read element exceeds the width of 
the write element. 

0.053 FIGS. 2A-2C illustrate the use, with a non-pat 
terned medium, of a dual element recording head 42 having 
a read wide/write narrow configuration. In this context, a 
non-patterned medium is a recording medium, Such as a 
magnetic disk, that is Substantially Smooth on its recording 
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Surface. That is, a non-patterned medium does not contain 
the physically imprinted land and trough areas described 
below. 

0054 Dual element recording head 42 includes a write 
element 44 having a write width (W) and read element 46 
having a read element width (R), where the read width is 
greater than the write width. Recording head 42 also 
includes a read element centerpoint 48 and a write element 
centerpoint 50 that are substantially laterally offset from one 
another with respect to direction of travel 52 of the recording 
head. Boundary lines 54A, 54B represent the TMR bound 
aries for data track 56. 

0055. In addition, write element 44 includes erase bands 
58A and 58B for creating magnetic erase bands on either 
side of the data written onto track 56 by write element 44. 
The magnetic erase bands are formed of magnetic flux at the 
edges of write element 44. This flux is inherent in all write 
elements and may be increased or decreased to increase or 
decrease, respectively, the size of the magnetic erase bands. 
Although the operation of the magnetic erase bands is not 
Strictly necessary for the present invention, a description 
thereof may aid in understanding benefits provided by the 
patterned media described below. 
0056 FIG. 2A illustrates a first write operation to track 
56 using dual element recording head 42. During a first write 
operation, write element 44 is centered on the left TMR 
boundary 54A and therefore writes first data 60 off-center to 
the left on track 56. Magnetic erase bands 58A, 58B of write 
element 42 create first erase strips 62A, 62B. In this context, 
erase strips 62A, 62B comprise areas of track 56 where no 
readable data is Stored. 

0057 FIG. 2B illustrates a second, subsequent write 
operation to track 56. During the Second write operation, 
write element 44 is centered on right TMR boundary line 
54B and, therefore, writes second data 66 on track 56 
off-center to the right. Also, erase bands 58A, 58B of write 
element 44 create second erase strips 68A, 68B on either 
Side of Second data 66 during the Second write operation. AS 
illustrated, second erase strip 68A on the left of data 66 
erases any of first data 60 that would otherwise have 
remained on track 56 after the second write operation. Thus, 
during the Subsequent read operation of FIG. 2C, read 
element 46 will not sense first data 60 on track 56. 

0058 Instead of, or in addition to, providing magnetic 
erase bands on the write element, effective erase bands may 
be physically formed (e.g., stamped) onto a patterned 
medium. A patterned medium is a magnetic Storage device, 
Such as a magnetic disk, that contains land areas ("lands') 
and trough areas (“troughs'). Referring to FIG. 3, lands 70 
(70a-70c) are raised areas of patterned medium 72 and the 
troughs 74 (74a, 74b) are indentations located between lands 
70. 

0059 Referring to FIGS. 3 and 4, patterned medium 72 
is a magnetic disk comprised of a Substrate 76 and a polymer 
layer 78 disposed atop the substrate. One example of a 
polymer that may be used is plastic; however, other types of 
polymers may be used instead of, or in addition to, plastic. 
Instead of using a polymer layer, a layer may be used that is 
comprised of a glazing compound containing Silica that is 
processed in its uncured State and Subsequently cured at a 
high temperature. The following article, the contents of 
which are incorporated herein by reference, describes a 
process for making Such a layer: “Fine Patterning On Glass 
Substrates. By The Sol-Gel Method”, Tohge et al., Journal of 
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Non-Crystalline Solids 100 (1988), pgs. 501-505. Examples 
of Substrates that may be used for substrate 76 include, but 
are not limited to, glass Substrates, NiP-clad aluminum alloy 
Substrates, glass-ceramic Substrates, and titanium Substrates. 
A magnetic layer (not shown) is deposited over the polymer 
(or Silica/Sol-Gel) layer, either before or after Stamping of 
the pattern. The land/trough pattern is stamped onto layer 78 
of the medium using a mold that holds an inverse of the 
land/trough pattern. 

0060. The troughs have a depth relative to the recording 
head and/or the lands that is sufficient to inhibit storage of 
data in the troughs at the frequency that the data is written. 
During a write operation, the read wide/write narrow record 
ing head is positioned over the lands Such that the lands are 
substantially covered by both the read and write elements. 
The read element is wider than the write element and the 
write element is at least as wide as the lands and may be 
wider. 

0061 During writing, the recording head “flies”, i.e., 
moves, over the patterned medium. The troughs are Suffi 
ciently far from the recording head to inhibit, and preferably 
to prevent, writing of data inside the troughs. That is, the 
troughs are far enough away from the recording head to 
prevent the flux transitions caused by the write element from 
affecting the magnetic polarity of the areas of the medium 
defined by the troughs. The lands, however, are sufficiently 
close to the recording head to permit magnetic writing of 
data thereon. 

0062) Thus, when data is written to patterned medium 72, 
the lands constitute the data tracks and the troughs constitute 
effective erase bands. On a circular magnetic disk, the lands 
and troughs may be formed as alternating concentric circles 
(taking into account any servo spokes formed onto the 
magnetic disk). The troughs isolate the lands (i.e., the data 
tracks) from one another, resulting in data tracks that are 
defined clearly both physically and magnetically. Alterna 
tively, the lands and troughs may be alternated Spirals. Other 
track configurations also may be used. 
0063 FIG. 5 shows a top view of the patterned medium 
of FIGS. 3 and 4. As shown in FIG. 5, a recording head 80, 
containing a read element 82 and a write element 84, is 
positioned over a land 70a (a data track). In one pass, write 
element 84 writes data to the land. Data is not, however, 
written to troughs 74a and 74b that are adjacent to land 70a 
because write element 84 is positioned vertically (arrow 73 
in FIG. 3) too far above the troughs to induce magnetic 
transitions in the troughs at the frequency at which the data 
is written. 

0064. Thus, if new data is written to land 70a, e.g., on a 
second pass by write element 84, there should be no residual 
data from the first pass on the land 70a or in the troughs 74a 
and 74b. Accordingly, when read element 82 reads data from 
track 70a, only data from the second pass will be read. To 
achieve these advantages, constraints may be placed on the 
widths of the read element and the write element. 

0065 Referring to FIG. 5, constraints for the width 88 of 
read element 82 and the width 90 of write element 84 are 
determined as follows. The minimum width (R of the 
read element may be constrained as follows: 

min) 

0066 where TW is the width of track 70a (i.e., lands) 
formed onto patterned medium 72. The width of the read 
element should not be less than the track width, i.e., ReTW. 
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The minimum width of the write element (W) may be 
constrained as follows: 

where TW is as defined above and WTMR is an 
amount of write element misregistration (i.e., the amount of 
TMR that may occur with respect to write element 84). 
0068. The read element TMR (RTMR) is the amount of 
TMR that may occur with respect to read element 82. The 
minimum off-track registration capacity of the recording 
head (OTRC) is defined as follows 

0069 Track spacing (Ts) is defined as the sum of TW and 
the gap (GAP) between adjacent tracks, such as 70a and 70b, 
O 

TS-TWGAP 

0070 Squeeze (SQ) is the amount by which the gap 
between adjacent tracks is reduced when write element 84 
extends beyond the width TW of track 70 and into trough 
74a. Squeeze is defined as follows 

SO=WFG+Overshoot, 

0071 where WFG is the “Write Fault Gate”, which 
corresponds to a predetermined limit that a head can write 
when it is off-track, the magnitude of which is determined by 
servo position information, and “Overshoot' is the amount 
by which the recording head exceeds the WFG when writing 
during Seeking or during a shock event. OverShoot is a 
constant that is determined empirically based on parameters 
of the disk drive, and especially by the servo bandwidth. 
0072) The OTRC under a squeeze condition (Os) is 
defined as follows by Setting the Squeeze margin to Zero 

Osonan=TS-TW/2-Wa?2-SQ, 
0073 where W is the maximum width of write ele 
ment 84 and TS, TW and SQ are as defined above. Setting 
On to zero and substituting “TW+GAP" for "Ts", 
results in the following 

O=TW+2GAP-TW/2-W/2-SQ. 

0074 Solving for W, results in 
W=TW+2GAP-2SQ. 

0075 The maximum width of the read element (R) 
may be defined based on the structure of the patterned 
medium and the dual element recording head as 

0076. Using a patterned medium, the read width of the 
read element can be increased significantly relative to read 
elements used with non-patterned media. One reason for this 
is that the troughs prevent old data from being written 
outside of the data track, making it possible to increase the 
width of the read element without fear of the read element 
Sensing Substantial amounts of old data. For example, in one 
embodiment, in which the TMR and track width tolerances 
scale at 110 tracks-per-inch (TPI), the width of the read 
element can be more than doubled, from 0.10 microns (um) 
to 0.22 um. Increasing the width of the read element also 
provides signal-to-noise (SNR) ratio advantages. That is, the 
amount of valid data increaseS relative to noise from, e.g., 
old data. For example, it is possible to obtain a six (6) 
decibel (db) advantage in SNR using a patterned medium 
and read wide/write narrow recording head. 
0077. The invention is not limited to the above embodi 
ments. The data tracks on the patterned medium may have 
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the same or a different track or bit density at an inner 
diameter of the magnetic disk than at an outer diameter of 
the magnetic disk. For example, the data tracks may have a 
higher density at the inner diameter than at the outer 
diameter, i.e., TS may vary. 
0078. The data tracks may include data “islands', as 
shown in FIG. 6. These data islands 100 each hold a block 
of data, which may be one bit or multiple bits, and are 
isolated/separated from one another by troughs 102 within 
the data track itself. As is the case with troughs 74 between 
the data tracks, the troughs 102 between data islands 100 
have a depth relative to the recording head and/or data 
islands that is Sufficient to prevent magnetic writing of data 
to the trough areas 102 (the depth of troughs 74 and 102 need 
not be the same). This configuration provides an added 
benefit in that it reduces the amount of noise (e.g., noise 
between tracks) that is sensed by the read element. 
0079 Servo information (e.g., position error information) 
may also be stored on the lands. The Servo information may 
be stored on the lands using Servo bursts at the Start of each 
sector of a magnetic disk. For example, referring to FIGS. 
4 and 5, the servo information may be recorded onto two or 
more sub-tracks (e.g., portions of tracks 70a, 70b and/or 
70c) in a specific Sector of the magnetic medium. Referring, 
alternatively, to FIG. 6, the servo information may be stored 
on the “data islands” and, in fact, may be defined by the 
frequency and positioning of the data islands themselves. 
0080. In an alternative embodiment, the troughs of the 
patterned medium may contain data, Such as Servo informa 
tion. The servo information may be written to the bottom 
Surface (or "floor”) of the troughs (as magnetic transitions) 
at a lower frequency than the data written to the lands. For 
example, the Servo information may be written at 1 Mega 
Hertz (MHz) and the data on the lands may be written at 19 
to 250 MHz. Writing the data and servo at these or other 
frequencies allows a read element, Such the read element on 
read wide/write narrow recording head 80, to sense both data 
and Servo information. 

0081. In more detail, the recording head is able to sense 
high-frequency data at a close distance. The recording head 
is also able to Sense lower-frequency data at a farther 
distance. Accordingly, the data on the lands, which is closer 
to the recording head, can be written at a high frequency and 
the Servo information in the troughs, which is farther away 
from the recording head, can be written at a lower frequency. 
Thus, the recording head can Sense both simultaneously at 
the same flight height. In this embodiment, the read element 
is wider than the land and, accordingly, extends over the 
lands and into the troughs on either Side of the land, allowing 
the read element to Sense both the data and Servo informa 
tion. 

0082 The equation that governs the readability of data 
relative to the height of the recording head above the 
recording medium is called the Wallace equation. The Wal 
lace equation is as follows: 

0083) In the Wallace equation, “FH” is the flying height 
of the recording head, i.e., the distance above the recording 
medium; “) is the wavelength in distance between two 
magnetic transitions that define data; “V” is the amplitude 
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of the low flying height of the read element above the data 
magnetic transitions on the recording medium of the lands, 
“V” is the amplitude of the high flying height of the read 
element above the Servo magnetic transitions in the troughs, 
and “lin' is the natural logarithm function. 
0084. The flying height (FH) that enables the read ele 
ment to read low frequency magnetic transitions in the 
troughs is determined by Solving the Wallace equation. The 
Wallace equation may also be used to confirm that the read 
element is able to Sense the high frequency magnetic tran 
Sitions (i.e., the data) on the lands. 
0085 Moreover, because the data (as opposed to the 
Servo information) is written at a high frequency, the write 
element will not be able to write data in the troughs. AS a 
result, the troughs are Still able to act as effective erase 
bands. 

0086 Instead of writing the servo information onto a 
Smooth Surfaced trough, patterned Steps may be physically 
formed in the trough. The servo information includes the 
patterned Steps, which create low frequency Signals by the 
abrupt changes in magnetization created by the Steps them 
selves. FIG. 7 shows an example of using patterned steps to 
Store servo information (or even other data) in the troughs of 
a patterned magnetic recording medium 110. 
0087. In the example of FIG. 7, the lands and troughs 
comprise alternating concentric tracks of a magnetic disk, 
however, the invention is not limited as Such. AS noted, the 
lands and troughs may be spirals or have any other configu 
ration. Lands 112a, 112b and 112c may be used to store data, 
as described with respect to FIG. 5 above. The lands may 
also include data islands, as shown in FIG. 6 above. Here, 
troughs 114a, 114b, 114c and 114d contain two levels-a 
“floor” level 116 and steps 118, as depicted in FIG. 8 (the 
lines 120 in FIG. 5 indicate the depth differences in the 
troughs). The steps have a height, relative to floor 116, that 
is less than the height of the lands. Servo information 
includes the Steps, as above, positioned at a lower frequency 
than data is written onto the lands. 

0088. If the floor 116 of a trough is deep enough and the 
frequency of the Steps is low enough, the Servo information 
will be lower in bandwidth than the data, but still readable 
by the read element of the recording head. The Wallace 
equation is used to determine the flying height of the 
recording head relative to the StepS and the lands and the 
frequencies of the data and Servo information. 
0089. The servo information stored in the troughs (either 
on patterned steps or as magnetic transitions on the “floor) 
is at different frequencies on either side of a land. AS shown 
in FIG. 7, the servo information (on each of the patterned 
Steps) is at a higher frequency in trough 114b to the left of 
land 112b than the servo information in trough 114c to the 
right of land 112b. The difference in frequencies of the servo 
information permits continuous Servo of the recording head. 
That is, a controller (not shown) takes the difference in the 
amplitude between the servo information from trough 114b 
and the servo information from trough 114c. The magnitude 
of this difference indicates whether the recording head is 
veering too far towards one trough or the other. In Such an 
event, the controller adjusts the position of the recording 
head to compensate for the unwanted veering. The head is 
on-track when the amplitudes of the signals from 114b and 
114c are equal. 
0090 The servo information written to the troughs may 
include Servo Signals and/or grey code. The Servo Signals 
include data that is used to ascertain the position of the 
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recording head. The grey code is data that defines the track 
addresses of data tracks on the magnetic recording medium. 
0.091 In operation, as a recording head 120 moves over 
a land 112b, the read element (not shown) of the recording 
head senses servo information in troughs 114b and 114c that 
border the land 112b on the left and right, respectively. The 
read element reads the Servo information from the troughs 
along with the data from the lands. Referring to FIG. 9, the 
Servo information and data is transmitted from the read 
element 120 to a preamplifier 122. Preamplifier 122 ampli 
fies the Signals read by the read head and transmits the 
amplified signals to a lowpass filter 124 and a highpass filter 
126. 

0092. The lowpass filter 124 transmits low frequency 
servo information from troughs 114b and 114c to the con 
troller. The controller compares (e.g., takes the difference 
between) the servo information from trough 114b and the 
servo information from trough 114c. The controller com 
pares the resulting difference value to one or more preset 
values in order to determine if the recording head has veered 
too much into one trough or other. If So, the controller issues 
a signal to correct the position of the recording head. 
0093. The highpass filter 126 receives the output of 
preamplifier 122 and passes high-frequency Signals only, 
i.e., data from the lands and PLL (phase locked loop) 
information (which is timing information that may be con 
tained in dedicated data Sectors on the magnetic recording 
medium). 
0094. By storing servo information and grey code in the 
troughs, the size of dedicated data sectors can be increased 
relative to recording media that also Store the Servo infor 
mation and the grey code in dedicated data Sectors. AS a 
result, there is more room on the recording medium for data. 
0.095 The invention is not limited to the specific embodi 
ments set forth above. The different features of the various 
embodiments can be combined. For example, the data 
islands of FIG. 6 may be combined with the stepped troughs 
of FIG. 7 in a single patterned magnetic recording medium. 
The Stepped trough magnetic recording medium may be 
formed in the same manner as the other patterned media 
described above. In this regard, the patterned medium is not 
limited to a polymer layer on a glass Substrate. Any type of 
imprintable magnetic recording material may be used. The 
patterned medium is not limited to magnetic disks or other 
rotatable media. The patterned medium may be magnetic 
tape or the like. 
0.096 Other embodiments not specifically described 
herein are also within the Scope of the following claims. 

What is claimed is: 
1. A magnetic recording System comprising: 

a patterned medium comprised of land areas and trough 
areas, the land areas for Storing data and the trough 
areas for inhibiting Storage of data; 

a write element which writes the data to the patterned 
medium; and 

a read element which reads the data from the patterned 
medium, the read element being wider than the write 
element. 
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2. The magnetic recording System of claim 1, wherein: 
the read element and the write element are part of a 

recording head that flies over the patterned medium 
during reading and writing, and 

the trough areas have a depth relative to the recording 
head that is Sufficient to prevent magnetic writing of 
data to the trough areas. 

3. The magnetic recording System of claim 1, wherein the 
patterned medium comprises a polymer layer disposed on a 
Substrate, the polymer layer defining the land areas and the 
trough areas and having a magnetic layer. 

4. The magnetic recording System of claim 1, wherein the 
read element has a read width and the write element has a 
write width, the read width being greater than the write 
width. 

5. The magnetic recording System of claim 1, wherein the 
patterned medium comprises a rotatable magnetic disk hav 
ing tracks which Store the data. 

6. The magnetic recording System of claim 5, wherein: 
the tracks comprise the land areas, and 
the tracks are Separated on the rotatable magnetic disk by 

the trough areas. 
7. The magnetic recording System of claim 1, wherein the 

land areas comprise data islands which are isolated from one 
another by the trough areas. 

8. The magnetic recording System of claim 7, wherein 
each of the data islands is capable of Storing one bit. 

9. A disk drive comprising: 
a magnetic disk having a plurality of tracks which Store 

data, the tracks comprising land areas for Storing the 
data and trough areas which Substantially isolate the 
land areas from one another; and 

a recording head which transferS data to and from the 
magnetic disk, the recording head comprising a write 
element and a read element, the read element having a 
width that is greater than a width of the write element. 

10. The disk drive of claim 9, further comprising: 
an actuator arm that positions the head over the disk. 
11. The disk drive of claim 9, wherein: 
the recording head flies over the disk during reading and 

Writing, and 
the trough areas have a depth relative to the recording 

head that is Sufficient to prevent magnetic writing of 
data to the trough areas. 

12. The disk drive of claim 9, wherein the magnetic disk 
is a patterned medium comprised of a polymer layer dis 
posed on a Substrate, the polymer layer defining the land 
areas and the trough areas and having a magnetic layer. 

13. The disk drive of claim 9, wherein the land areas on 
the tracks include data islands which are isolated from one 
another by the trough areas. 

14. The disk drive of claim 9, wherein each of the data 
islands is capable of Storing one bit. 

15. The disk drive of claim 9, wherein the tracks have a 
different density at an inner diameter of the magnetic disk 
than at an outer diameter of the magnetic disk. 

16. The disk drive of claim 9, wherein the width of the 
read element is between a Value Ri and a value Ra, 
where 
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and 

flax 

where TW corresponds to track width, GAP corresponds 
to a distance between adjacent tracks, and RTMR 
corresponds to misregistration of the read element on a 
track. 

17. The disk drive of claim 9, wherein the width of the 
write element is between a value W and a value W 
where 

lax 

where TW corresponds to track width, GAP corresponds 
to a distance between adjacent tracks, WTMR corre 
sponds to misregistration of the write element on a 
track, and SQ corresponds to a reduction in distance 
between tracks due to misregistration of the write 
element. 

18. The disk drive of claim 9, wherein the trough areas 
function as erase bands during writing on the magnetic disk. 

19. A patterned magnetic Storage medium, comprising: 
a Substrate; and 
a layer formed on the Substrate, the layer defining land 

areas and trough areas, the land areas for Storing data 
and the trough areas for inhibiting Storage of data 
between the land areas. 

20. The patterned magnetic Storage medium of claim 19, 
wherein the land areas are raised higher than the trough areas 
relative to the Substrate. 

21. The patterned magnetic Storage medium of claim 19, 
wherein the trough areas have a depth relative to the land 
areas that is Sufficient to prevent magnetic writing of data to 
the trough areas. 

22. The patterned magnetic Storage medium of claim 19, 
wherein the Substrate comprises at least one of glass, a 
NiP-clad aluminum alloy Substrate, a glass-ceramic Sub 
Strate, and a titanium Substrate. 

23. The patterned magnetic Storage medium of claim 19, 
wherein the layer comprises at least one of polymer having 
a magnetic layer and Silica having a magnetic layer. 

24. The patterned magnetic Storage medium of claim 19, 
wherein the land areas comprise data islands which are 
isolated from one another by the trough areas. 

25. The patterned magnetic Storage medium of claim 24, 
wherein each of the data islands is capable of Storing one bit. 

26. The patterned magnetic Storage medium of claim 19, 
wherein the land areas comprise at least one of concentric 
and spiral tracks and the trough areas Separate the tracks 
from one another. 

27. The patterned magnetic Storage medium of claim 19, 
wherein the trough areas function as erase bands for pre 
venting writing of data between the land areas. 

28. An apparatus comprising: 
Storing means for Storing data magnetically in data tracks, 

the data tracks being Separated by erase bands that are 
physically Stamped onto the Storing means, 

Writing means for writing data to the Storing means, and 
reading means for reading data from the Storing means, 

the reading means having a width that is greater than a 
width of the writing means. 
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29. The apparatus of claim 28, wherein the erase bands 
comprise troughs that are formed on the Storing means 
between the data trackS. 

30. The apparatus of claim 28, wherein the storing means 
comprises a patterned medium formed of a polymer layer 
disposed on a Substrate, the polymer layer having the data 
tracks and the erase bands and having a magnetic layer. 

31. The apparatus of claim 28, wherein: 
the reading means and the writing means are part of a 

recording means that flies over the Storing means 
during reading and writing, and 

the erase bands comprise troughs that have a depth 
relative to the recording means that is Sufficient to 
prevent magnetic writing of data to the troughs. 

32. The apparatus of claim 28, wherein the data tracks 
comprise Sequences of data islands Separated by troughs. 

33. A magnetic recording System comprising: 
a patterned medium comprised of land areas and trough 

areas, the land areas for Storing data and the trough 
areas for inhibiting Storage of data; and 

a recording head which reads and writes data to the land 
areas of the patterned medium, the recording head 
having a read element, the read element having a width 
that is greater than a width of the land areas. 

34. The magnetic recording System of claim 33, wherein 
the recording head further comprises a write element that 
has a width that is less than the width of the read element and 
that is greater than or equal to the width of the land areas. 

35. The magnetic recording system of claim 33 wherein 
the trough areas have a depth relative to the recording head 
that is Sufficient to prevent magnetic writing of data to the 
trough areas. 

36. The magnetic recording system of claim 33, wherein 
the patterned medium comprises a polymer layer disposed 
on a Substrate, the polymer layer defining the land areas and 
the trough areas and having a magnetic layer. 

37. The magnetic recording system of claim 33, wherein 
the patterned medium comprises a rotatable magnetic disk 
having tracks which Store data. 

38. The magnetic recording system of claim 37, wherein: 
the tracks comprise the land areas, and 
the tracks are Separated on the rotatable magnetic disk by 

the trough areas. 
39. The magnetic recording system of claim 33, wherein 

the land areas comprise data islands which are isolated from 
one another by the trough areas. 

40. The magnetic recording system of claim 39, wherein 
each of the data islands is capable of Storing a block of data. 

41. The magnetic recording System of claim 40, wherein 
the block of data comprises one bit. 

42. A magnetic recording medium comprising: 
land areas which Store data; and 

trough areas which Store Servo information. 
43. The magnetic recording medium of claim 42, wherein 

the data in the land areas is at a higher frequency than the 
Servo information in the trough areas. 

44. The magnetic recording medium of claim 42, wherein 
the trough areas include Steps, the StepShaving a height that 
is less than the land areas relative to the troughs, and the 
StepS comprising the Servo information. 
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45. The magnetic recording medium of claim 42, wherein 
a land area comprises a data track, a first trough borders one 
Side of the land area, and a Second trough borders another 
Side of the land area, wherein the Servo information in the 
first trough is at a different frequency than the Servo infor 
mation in the Second trough. 

46. The magnetic recording medium of claim 42, wherein 
the Servo information comprises at least one of Servo Signals 
and grey code. 

47. The magnetic recording medium of claim 42, wherein 
the land areas and trough areas comprise at least one of 
alternating concentric tracks and alternating Spiral tracks. 

48. The magnetic recording medium of claim 42, wherein 
the land areas include data islands which are isolated from 
one another by additional trough areas. 

49. The magnetic recording medium of claim 48, wherein 
each of the data islands is capable of Storing a block of data. 

50. The magnetic recording system of claim 49, wherein 
the block of data comprises one bit. 

51. A magnetic recording System comprising: 
a patterned medium comprised of land areas and trough 

areas, the land areas Storing data and the trough areas 
Storing Servo information; and 

a recording head which reads and writes data to the land 
areas of the patterned medium and which reads Servo 
information from the trough areas. 

52. The magnetic recording System of claim 51, wherein 
the recording head has a read element and a write element, 
the read element having a width that is greater than a width 
of the write element. 

53. The magnetic recording system of claim 51, wherein 
the data in the land areas is at a higher frequency than the 
Servo information in the trough areas. 

54. The magnetic recording system of claim 53, wherein 
the recording head is positioned Sufficiently close to the land 
areas to read higher-frequency data and Sufficiently close to 
the trough areas to read lower-frequency Servo information. 

55. The magnetic recording medium of claim 51, wherein 
the trough areas include Steps, the Steps having a height that 
is less than the land areas relative to the troughs, and the 
StepS comprising the Servo information. 

56. The magnetic recording medium of claim 51, wherein 
a land area comprises a data track, a first trough borders one 
Side of the land area, and a Second trough borders another 
Side of the land area, wherein the Servo information in the 
first trough is at a different frequency than the Servo infor 
mation in the Second trough. 

57. The magnetic recording medium of claim 51, wherein 
the Servo information comprises at least one of Servo Signals 
and grey code. 

58. The magnetic recording medium of claim 51, wherein 
the land areas and trough areas comprise at least one of 
alternating concentric tracks and alternating Spiral tracks. 

59. The magnetic recording medium of claim 51, wherein 
the land areas include data islands which are isolated from 
one another by additional trough areas. 

60. The magnetic recording medium of claim 59, wherein 
each of the data islands is capable of Storing a block of data. 
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61. The magnetic recording System of claim 60, wherein 
the block of data comprises one bit. 

62. The magnetic recording System of claim 51, wherein 
the patterned medium comprises a rotatable magnetic disk 
having alternating concentric tracks which comprise the land 
areas and troughs. 

63. The magnetic recording System of claim 51, wherein 
the patterned medium further comprises a data Sector which 
Stores phase locked loop timing information. 

64. The magnetic recording System of claim 51, further 
comprising: 

a lowpass filter which receives the data and Servo infor 
mation and outputs the Servo information; and 

a highpass filter which receives the data and Servo infor 
mation and outputs the data. 

65. A method of accessing data, comprising: 
moving a recording head over a patterned medium com 

prised of land areas and trough areas, the land areas 
Storing data and the trough areas Storing Servo infor 
mation; 

transferring data on a land area; 
reading Servo information from trough areas at the same 

time as transferring the data; and 
using the Servo information to move the recording head 

relative to the land area. 
66. The method of claim 65, wherein: 
the land area comprises a data track, a first trough borders 

one side of the land area, and a second trough borders 
another Side of the land area; and 

using the Servo information to move the recording head 
comprises comparing Servo information from the first 
trough to Servo information from the Second trough and 
re-positioning the recording head based on the com 
parison. 

67. The method of claim 66, wherein the servo informa 
tion in the first trough is at a different frequency than the 
Servo information in the Second trough. 

68. The method of claim 65, wherein the recording head 
has a read element and a write element, the read element 
having a width that is greater than a width of the write 
element. 

69. The magnetic recording System of claim 1, wherein 
the patterned medium comprises a Silica layer disposed on a 
Substrate, the Silica layer defining the land areas and the 
trough areas and having a magnetic layer. 

70. The magnetic recording system of claim 1, wherein 
the data Stored on the land areas comprises Servo informa 
tion. 

71. The magnetic recording system of claim 70, wherein 
the land areas comprise tracks and the Servo information is 
Stored on Sub-tracks of the tracks. 

72. The magnetic recording system of claim 70, wherein 
the land areas comprise data islands that define the Servo 
information. 


